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Abstract 
The paper describes the transformation process of the East-German brown coal mining in connection with the reorganization of 
the power industry after the political change in 1989. The objectives of this transformation process is the reduction of heavy 
environmental pollution, primarily the reduction of SO2- and airborne particles and past pollutions, as well as the mine 
reclamation stopping the further degradation of settlements with technical infrastructure. The paper focuses on the elaboration of 
brown coal mining plans for living and abandoned mining as integral parts of the regional plans in Saxony. The principle of the 
primary integration of landscape planning into regional planning organizing land use and settlement development will be 
explained. Based on the Chinese planning system starting points for planning developments in China will be discussed. 
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1. Introduction 
This article will examine issues surrounding the sustainable development of brown coal mining areas. It makes 
use of research undertaken by the Leibniz Institute of Ecological and Regional Development (IOER) on ecological 
and socio-economic processes of transformation, the revitalisation of mining and industrial areas and, last but not 
least, on instruments and strategies of spatial development. The discussion is given an empirical background by 
evaluation research on the European mining and industrial area previously known as the “black triangle” (cf. Fig. 1). 
After a long industrial history, this area has undergone a dramatic process of transformation in the 20 years 
following the demise of the GDR, suffering a grave decline in the mining sector, while enjoying positive results 
from the rehabilitation of land damaged by mining, as well as new perspectives offered to the local population in 
terms of value creation and public facilities and infrastructure. 
The political changes which affected East Germany and its eastern neighbours ushered in a transformation in 
national energy plans and spatial development policies. Previously, power was generated by brown coal, by oil 
shipped in from the Soviet Union and by the first nuclear power stations at Reinsberg, Greifswald and Stendal and 
 
* Corresponding author. Tel.: +49-351-4679 230; fax: +49-351-4679 212. 
E-mail address: i.roch@ioer.de. 
187 -     © 2009 Published by Elsevier B.V. 
doi:10.1016/j.pro .2009.09.134
8 5220
eps
Procedia Earth 
and Planetary 
Science 
Open access under CC BY-NC-ND license.
other locations, built in an attempt to reduce reliance on fossil fuels. In the 1990s this system was replaced by a new 
energy policy (Fig. 2). The focus is now on alternative sources of power, particularly in former mining areas (cf. 
Baller, Mielchen 2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Three-country triangle with new greenery, mining (Cartography: Witschas, S. 2009, IÖR Dresden) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Trends in the final energy consumption in Saxony for various energy sources (Source: Saxon Office of Statistics 2007) 
The shift in energy policy can be attributed to mass public protests against environmental pollution. Major 
concerns were a high degree of air pollution and the widening of areas affected by smog (Fig. 3), with major 
repercussions on quality of life; contaminated sites with associated damage to vegetation, best illustrated by dying 
forests (Fig. 4); dramatic transformation of the landscape (Fig. 4) accompanied by devastation of local towns and 
villages. The privatisation and closure of state combines and rising energy costs led to a considerable reduction in 
energy consumption (Fig. 2). 
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Fig. 3. Smog-affected areas (Cartography: Witschas, S., IÖR Dresden, In: Hübler, Hana, Mundil, Roch 1994a and 1994b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Dying forests (Source: Agentura Ochrany Přírody a Krajiny ČR: Okres Teplice) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Bílina quarry (Source: Stýs, S. 1996a) 
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 The legal provisions and administrative structures of the German Federal Republic were adopted in the field of 
spatial planning. The dismantling of the state combines in the brown coal mining sector involved a separation of 
those with a healthy future from those requiring redevelopment and clean-up operations. The latter developed into 
remediation companies which were brought under one roof as a holding company for the whole of Germany, and 
which received financial support from the national government. Its current title is the Lausitz and Central-German 
Mining Administration Company (LMBV). In end effect this means that the GDR’s planned economy, with the 
centralised allocation of productive forces (cf. Böhnisch, Mohs, Ostwald 1976) and centralised determination of 
production locations on the basis of national land-use plans, was replaced by West German planning and evaluation 
procedures embedded in the legislation of the individual Länder, e.g. in Saxony’s Regional Planning Law or 
Landesplanungsgesetz (SächsLPlG) with binding resolutions on the planning of brown coal areas (cf. Chapter 2). 
Sustainable development was made the primary aim of spatial planning. Now recognised in almost all parts of the 
world as a common goal in spatial development, it implies a responsible handling of natural resources. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. The vineyard metamorphosis of the Šmeral quarry (Source: Stýs, S. 1996b) 
The IOER’s evaluation research leads to the conclusion that spatial planning is a fundamental factor in achieving 
sustainable development. Such planning at the level of Länder or regions must evaluate, balance and coordinate the 
various claims of land use while respecting ecological, economic and social concerns.    
The research substantiated   the strong interrelationship between economic and social structures, in concrete 
terms the link between population trends and economic activity, as well as the resulting pressures placed on the 
provision of utilities and other technical and social infrastructure for businesses and the general public. The 
investigated processes of transformation have not only led to the development of new locations and living conditions, 
but have also achieved outstanding results in the field of ecology. New perspectives of land use have been designed 
and implemented, as illustrated by the example of Most in northern Bohemia which has benefited from around 40 
years of planned recultivation (Fig. 6). 
Process management in highly dense and fast growing settlement areas has proved to be particu-larly effective 
when combined with an expert, multi-level process coordination during imple-mentation. Support comes from well-
researched planning at municipal, sectoral and, not least, regional levels.    
The German system of land-use planning is presented in the following, with the focus being on brown coal 
planning. The third chapter discusses various approaches and research requirements regarding the further 
development of Chinese planning instruments to ensure the sustainable development of mining areas under 
conditions of growth. 
2. Brown coal planning 
At the beginning of the 20th century, mining and remediation activities in Germany were regu-lated by Mining 
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Law. The importance of political and economic framework conditions in borwn coal mining grew from 1915 to 
1918.  It is known that zoning restrictions were introduced from 1920 in Greater Leipzig in order to secure coal 
deposits. However, it was only in 1925 that a regional plan was developed for west Saxony’s brown coal area in 
order to resolve a conflict of interests between the brown coal industry and the region. A zoning plan was introduced 
for the most seriously affected administrative unit of Borna (Berkner, Thieme 2005).   
At the end of the 1950s, systematic recultivation became a topic of work and research for land-scape architects at 
Berlin’s Humboldt University, as well as for geologists, engineers, farmers, foresters and site-reclamation 
commissions. However, the aim of recultivation was forgotten in the 1970s and 1980s when, as a consequence of 
exploding oil prices, mining was massively promoted. At the time of the GDR’s demise in 1989/1990 there was an 
urgent need for remedia-tion of damaged landscapes. After the large socialist mining combines were disbanded, it 
was not possible (as it had been in Rheinland) to apply the “polluter pays” principle for the clean-up work. The 
LMBV mbH (LMBV 2004) (see above) only developed step by step.     
The mining and upgrading of brown coal has a major impact on various geo-factors. However, it is clear that the 
most affected is the local water balance. The overlapping jurisdictions of min-ing, water and planning authorities 
with responsibilities for locations affecting by mining activi-ties led the Saxon government to make brown coal 
planning a part of the regional land-use plan. This consistent spatial allocation of mining to the regional planning 
level is due to the fact that several mining municipalities are concerned and can be regarded as sub-regional units. 
Land use is similarly affected, including the utilities and roadway networks as well as social infrastruc-tures and 
facilities. New perspectives for land use after the decline of mining can best develop if they are investigated and 
prepared in good time, and adapted to the larger regional network of settlements.   
In Germany’s system of spatial planning (Fig. 7), brown coal plans are jointly developed as part of municipal 
plans and the regional plans of Länder, with an integrated landscape planning (cf. § 6 (1) SächsLPlG in Saxony). 
 
Responsible  
authority Planning level Legal Framework Planning Instruments Contents 
Federal       
government 
National spatial 
planning 
Federal Spatial Planning 
Act – 
Principles of spatial 
planning   
Länder 
Spatial planning in the 
individual Länder  Federal Spatial Planning Act and Planning Acts 
of the Länder  
Summary of 
primary 
plans  
-> Spatial plan  
-> Spatial and expert subplans  
Goals of spatial 
planning  
Regional planning -> Regional plan 
-> Regional land-use plan   
Municipalities Urban land-use planning 
Building code 
 
Urban land-
use plan 
-> Land-use plan  Presentation of types 
of land use  
-> Development plan Determination of urban 
spatial planning  
Fig. 7. Germany’s system of spatial planning (Source: Turowski, G. 2005) 
Saxony’s regional plans are developed according to legally-determined provisions: “The re-gional plans must 
incorporate the principles and aims of the Federal Spatial Planning Act and and Länder plans based on an evaluation 
of the condition of nature and countryside with associ-ated settlement structures.  The aim is the optimal spatial 
planning and development of selected areas of the Free State of Saxony (planning regions), in particular in the fields 
of ecology, econ-omy, settlements and infrastructure. The principles of spatial planning (according to § 2 of the 
Federal Spatial Planning Act) as well as the principles and aims of the national spatial plan and Länder plans in the 
development plans will be adopted by the regional plans both spatially and in terms of content. The regional plan 
must also incorporate the landscape framework plan ac-cording to § 5 of the Federal Nature Conservation Act.”     
Corresponding to § 6 (2) of the SächsLPlG, the regional plans must include designated areas to secure water and 
raw materials, so far as it is considered of importance by the individual plan-ning regions and is necessary for the 
development of settlement and open space structures and to avoid conflict with the traffic and utility provision 
networks.   
Regarding the contents of the regional plans, it is clear that they are to include brown coal plans. § 8 (1) of the 
SächsLPlG states: “The regional planning committees of Oberlausitz-Niederschlesien and Westsachsen are obliged 
to draw up a brown coal plan for every mine in the brown coal planning area as part of the regional plan. For any 
mine which has already been shut down, or will be closed in the near future, this plan should constitute a framework 
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 remedia-tion plan. Brown coal plans should be drawn up on the basis of long-term goals for energy pol-icy as set by 
the Saxon government. The highest governmental agency responsible for the en-ergy economy can issue instructions 
in so far as these are necessary to realise this energy pol-icy.” 
§ 8 (6) of the SächsLPlG states: “The brown coal plan should be drawn up and declared binding before the start, 
running or finish of a restructuring or remediation project in a brown coal planning area. The business plans of 
mining enterprises or any remediation projects in the brown coal areas have to harmonise with the brown coal plan.”   
Selected contents of brown coal plans will be presented in the following, using the example of the framework 
remediation plan for the closed Scheibe mine as presented by the regional plan-ning authority of Oberlausitz-
Neiderschlesien in May of 2002 (cf. Fig. 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Remediation area of the Scheibe mine in its connection to neighbouring remediation areas 
The brown coal plan consists of (a) a descriptive section, (b) a discussion of aims, and (c) a summary. Part (a) 
includes the legal framework, a description of the area before mining, a short outline of the development of mining 
and a description of the current situation. Decisive for any successful development is the legally-binding goals in the 
brown coal plan, the basic principles which must be observed and the reasoning behind the introduction of these 
goals and basic prin-ciples. Goals and principles are established on such diverse topics as mining, water, nature con-
servation and care of the countryside, forestry/agriculture, emissions and the treatment of pol-luted sites and waste 
dumps, as well as for soil conservation. Further considerations include ar-chaeology and the preservation of 
historical monuments, as well as settlements, relaxation and leisure facilities and infrastructures.    
The thematic focus is on the clean-up of watercourses and groundwater as well as the remediation of mining 
facilities and polluted sites or waste dumps. In terms of water clean-up, not only must public safety be ensured, but 
steps must be taken to remedy the damaging effects of mining to produce a balance, self-regulating natural water 
system which does not impact on building infrastructure.  Goal 1 determines that: “The steps to remedy the effects 
of mining should be so implemented that when completed, the preconditions for new land use as laid out in Map 3 
and in respect of the indicated safety line are provided for the long-term. The con-sumption of land in the design of 
slopes should be reduced to the absolute necessary minimum.”  
Regarding water, Goal 4 states the following: “Buildings and infrastructural facilities within the redevelopment 
area – including the town of Hoyerswerda – should be protected in good time from the dangerous effects of rising 
groundwater. The drainage of groundwater should not per-manently impair water quality in surface waters.” This 
situation has arisen because plans which foresaw the mining of coal up to the 50s of the current century were 
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shelved at the time of the political revolution, and thereby projections regarding the necessary depth of foundations 
also became redundant. These and other short- or long-term repercussions such as subsidence phe-nomenon which 
can occur 40 to 50 years after the end of mining activities, as well as landslides in settlement areas such as seen this 
year in Nachterstedt, indicate the necessity of thorough geo-hydrological surveys and interdisciplinary analyses of 
the consequences of mining over large areas, as well as the development, closure and remediation of mining sites. 
One major re-sult of the brown coal plan is therefore the cartographic identification of reclamation areas for the 
Scheibe mine in the section of the plan which discusses goals, with coordinates given for selected points of the 
border of the remediation area.           
Principle 17 formulates settlement development: “Efforts are to be made to support the principle of sustainable 
self-determined development of the town of Hoyerswerda.” This location pre-sents a classical example of 
contraction, having seen a shrinking of economic activity and popu-lation depletion in the wake of mine and power 
station closures. Therefore it is not necessary to outline concrete goals for redevelopment and the fostering of green 
measures and networks with new leisure opportunities, such as are typical for already densely populated settlement 
areas un-dergoing expansion (cf. Chapter 3). Infrastructure is understood to include the designation of a priority 
zone for wind energy, as well as the extension of the road network as well as the wa-ter/waste-water pipeline 
network and telecommunications.  
To summarise, it is clear that redevelopment measures are primarily focussed towards securing public safety, 
ensuring a good water balance, as well as integration of remediated areas into the surrounding landscape. 
3. Some approaches to the development of planning instruments in China 
Planners, municipalities and land users claim to be satisfied (ARL 2005) with the creation of brown coal plans 
and recognition of wide-ranging repercussions and perspectives on potential land use which make use of 
interdisciplinary methods with an evaluation of all relevant special-ist interests (see above). The scientific evaluation 
of development goals in the former “black triangle” is also viewed positively in its handling of the devastated areas 
of the 1980s and pollu-tion damage (Zeneli, Mathey, Roch 2009; Mathey, Stutzriemer 2009). From an ecological 
per-spective, the principle of the primary integration of landscape planning into the Länder and re-gional plans aids 
the formation of sustainable land use patterns. It fosters care of the environ-ment with a harmonised settlement 
development. 
The conditions which China faces in its coalmining industry differ greatly from those in Ger-many. One can 
point to (a) exploding urban populations, interacting with economic develop-ments and the creation of new 
infrastructure, (b) settlement densities and the increasing scarcity of land for new building, (c) an emphasis in 
planning given to individual sites rather than the regional or wide-ranging effects and development perspectives of 
mining activities. It seems clear that urban pressures increase the ability of municipalities to push social policies. 
Sustain-able development demands a balanced understanding of ecological, social and economic per-spectives. The 
increasing scarcity of land lowers the options to secure ecological functions, to realise action plans for climate 
protection and to develop leisure and sports facilities. Open spaces in urban areas serve for the recreation of local 
people, for the sport and games of children and young adults. More and more, these are essential components of a 
positive urban lifestyle for the local population (Roch 2008). In the social field, it is necessary to offer utilities and 
other supply infrastructure which can meet the requirements of business and local people with their diverse social 
groups. The provision, use and accessibility of educational institutions, health facilities, sport-, cultural- and 
administrative facilities can be efficiently managed and suitably planned for a larger catchment area (BPK Dresden 
1973) due to a comprehensive sup-ply at moderate cost by exploiting synergies and the opportunities of better 
quality facilities. Here it is necessary to take into account the availability of jobs, with an estimation of the future 
developments, and the population’s age structure. In the field of business, one important ele-ment is the creation of 
supra-regional clusters. However, it is also necessary to optimise the planning of smaller-scale networks of 
production sites with suppliers and buyers, including the logistical demands and effects based on goods and the 
working population. These areas should also be taken into account in the development of coal deposits and for the 
planning of the sub-sequent use of exhausted coal mining sites (see Chapter 2). 
Based on the China’s system of planning (cf. Fig. 9), it seems a sensible step to tie the munici-pal plans more 
closely in with the regional development goals. This would simplify the har-monisation of ecological, social and 
economic developments in mining areas with high popula-tion densities in the context of larger areas. On the one 
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 hand this would mean retaining urban plans, tying them very closely with regional planning and provincial 
economic-society devel-opment planning for a clearly limited spatial area.  In this large-scale context it would be 
possi-ble not only to incorporate the pathways of the technical infrastructure into planning, but also to a greater 
degree the potentials and deficits of ecology, the economy and technical supply. In contrast to German regional 
land-use plans, the refined planning of Chinese mining areas should incorporate as spatial premises the geo-
ecological conditions of mining in the present and future, with a special focus on the hydrological conditions 
associated with the waterbody network. This approach would overcome administrative barriers while benefiting the 
development of new and diverse relationships, and the implementation of the principle of sustainability in joint use. 
In Germany the regional land-use plan finds application in densely-built areas, for example in Greater Frankfurt. 
The regional land-use plan, introduced in 1998, is a new planning type of the national land-use plan or 
Raumordnungsgesetzes (ROG), which adopts the functions and binding force of a re-gional plan, specifically its 
goals and principles, as well as that of a joint land-use plan accord-ing to the building code, by adopting its form of 
presentation in terms of land surfaces. “The combination of both levels of planning and their binding force to one 
plan provides some expec-tation that it will strengthen the ease of control and lead to an overall shortening of the 
planning process. …” (Rautenstrauch 2005). The regional land-use plan can be employed in densely built areas or 
where there is a thick network of spatial and structural connections, such as in old in-dustrialised areas or in mining 
areas. The precondition for its use in Germany is a regional plan produced by the municipality. 
For the concrete conditions and tasks in China to ensure sustainable development and remedia-tion of coal 
mining areas (which differ from those in Germany), it is recommended that individ-ual contents be closely 
examined and the Chinese planning system be further developed to meet specific requirements. Relevant research 
has proved promising and could lead to novel solutions, in particular when the tasks of urban design are transferred 
to large-scale areas in the creation of new landscapes. Research results in Europe (cf. Roch, Petrikova 2007) have 
shown that unique landscapes can help create identities and are percieved by local inhabitants to improve the qual-
ity of life. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Planning procedures at various levels in China (Source: Tan, H.) 
The end goal must be the development of a new type of brown coal plan, which is able to incor-porate the 
interdisciplinary and spatially diverse conditions in China and is oriented towards the principle of sustainability. The 
testing of a model project recommends itself in view of the pos-tulated research. Further demanding goals are an 
optimisation of the initial setting-up period and allocation of responsibilities during implementation, which can be 
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confirmed by the lengthy setting-up period in Germany. Here it is also necessary to develop alternatives while 
making use of experiences gained from testing the model project. 
A step-by-step approach is recommended, focussing on the previously mentioned goal of inter-disciplinary and 
concrete large-scale planning. The need for action to secure and exploit eco-logical potentials should not be 
neglected. Vital landscape features and natural resources should be pinpointed before the development of deposits 
using an evaluation of the natural conditions in the area affected by mining activities, and these should be protected 
by legislation. In connec-tion with the demands of species and climate protection, it could be possible to design a 
land-scape plan as an city-regional concept for open and green spaces, in which other components of a sustainable 
settlement development can be embedded, such as with Saxony’s primary integra-tion of landscape planning. The 
focus here is, alongside the securing of open spaces, a full ex-ploitation of the potentials of green and open spaces. 
Agricultural, forestry and leisure use as well as multi-functional usage with corresponding compatibility are relevant 
in addition to the ecological performance of land (Arlt, Lehmann 2008). 
The open space system with green areas and waters as structuring elements not only serve to provide the 
circulation of cool air to urban areas, but also retain green zones for diverse recrea-tional activities demanded by 
local inhabitants, and which have a positive influence on the qual-ity of such areas on the urban-regional level. This 
open space concept has to be adapted and continued with the demise of mining, corresponding to the new functions 
of affected areas and the shifting population structures with their specific needs. The creation of an open space con-
cept after the decline of mining carries the danger of limiting possibilities for action in the ur-ban-regional network 
of open spaces owing to the enormous settlements pressures found in China. Areas with high urban density still 
offer the possibilities of cross-linking green roadways, particularly of avenues, the unsealing of rivers and streams 
with the planting of their banks, the unsealing and greening of paths and courtyards, roof gardens and other places. 
These possibili-ties are based on urban development plans and could, as in the case of Berlin, be awarded fa-
vourable tax status. The goal of the open space concept should be to foster vegetation and cool air circulation in 
densely populated urban areas. The approach should encompass the disman-tling of barriers to the flow of cool air. 
It is recommended that a model for the development of mining be created for urban conurba-tions with a 
relatively high ratio of mining areas. This model should encompass the process from initial development to 
remediation, and should harmonise with the development concept of the city region. The opportunities and 
requirements for the planned development of city-regions has been presented by I. Roch and H. Tan using the 
example of the development of the upper Elbe valley and the development of the international metropolis of 
Shanghai with its surround-ing major cities. The presentation, given as part of the REAL CORP Conference in 
Sitges (Spain) in 2009, explored the associated themes of conditions of growth and contraction of the economy, the 
population and settlement areas. The strategic, integrated city-regional develop-ment also proved to be a relevant 
field of research for sustainable development and efficient control. The collaboration of specialist colleagues from 
CUMT with those of the Leibniz Insti-tute of Ecological and Regional Development (IOER) were highly fruitful for 
the further devel-opment of brown coal planning as well as for examining issues of city-regional development. 
Chinese and German partners have been engaged in exciting discussions, exploring topics of benefit to both sides. 
These have been stimulated by the latest research projects of young scien-tists supported by the Bosch Foundation 
since 2009 as part of its project entitled “Sustainable Development of Landscapes Shaped by Mining with Special 
Consideration Given to Land Use”, as well as special programmes supported by Germany’s Federal Ministry of 
Education and Re-search. The answers to current and likely areas of research in the future gives some insight into 
the exciting ongoing research being carried out by the China University of Mining and Tech-nology after its jubilee 
year. 
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